We present echelle spectrophotometry of the blue compact dwarf galaxy (BCDG) NGC 5253. The data have been taken with the Very Large Telescope UVES echelle spectrograph in the 3100 to 10400Å range. We have measured the intensities of a large number of permitted and forbidden emission lines in four zones of the central part of the galaxy. In particular, we detect faint C II and O II recombination lines. This is the first time that these lines are unambiguously detected in a dwarf starburst galaxy. The physical conditions of the ionized gas have been derived using a large number of different line intensity ratios. Chemical abundances of He, N, O, Ne, S, Cl, Ar, and Fe have been determined following the standard methods. In addition, C ++ and O ++ abundances have been derived from pure recombination lines. These abundances are larger than those obtained from collisionally excited lines (from 0.30 to 0.40 dex for C ++ and from 0.19 to 0.28 dex for O ++ ). This result is consistent with a temperature fluctuations parameter (t 2 ) between 0.050 and 0.072. We confirm previous results that indicate the presence of a localized N enrichment in certain zones of the center of the galaxy. Moreover, our results also indicate a possible slight He overabundance in the same zones. The enrichment pattern agrees with that expected for the pollution by the ejecta of massive stars in the Wolf-Rayet (WR) phase. The amount of enriched material needed to produce the observed overabundance is consistent with the mass lost by the number of WR stars estimated in the starbursts. Finally, we discuss the possible origin of the difference between abundances derived from recombination and collisionally excited lines (the so-called abundance discrepancy problem) in H II regions, finding that a recent hypothesis based on the delayed enrichment by SNe ejecta inclusions seems not to explain the observed features.
ABSTRACT
We present echelle spectrophotometry of the blue compact dwarf galaxy (BCDG) NGC 5253. The data have been taken with the Very Large Telescope UVES echelle spectrograph in the 3100 to 10400Å range. We have measured the intensities of a large number of permitted and forbidden emission lines in four zones of the central part of the galaxy. In particular, we detect faint C II and O II recombination lines. This is the first time that these lines are unambiguously detected in a dwarf starburst galaxy. The physical conditions of the ionized gas have been derived using a large number of different line intensity ratios. Chemical abundances of He, N, O, Ne, S, Cl, Ar, and Fe have been determined following the standard methods. In addition, C ++ and O ++ abundances have been derived from pure recombination lines. These abundances are larger than those obtained from collisionally excited lines (from 0.30 to 0.40 dex for C ++ and from 0.19 to 0.28 dex for O ++ ). This result is consistent with a temperature fluctuations parameter (t 2 ) between 0.050 and 0.072. We confirm previous results that indicate the presence of a localized N enrichment in certain zones of the center of the galaxy. Moreover, our results also indicate a possible slight He overabundance in the same zones. The enrichment pattern agrees with that expected for the pollution by the ejecta of massive stars in the Wolf-Rayet (WR) phase. The amount of enriched material needed to produce the observed overabundance is consistent with the mass lost by the number of WR stars estimated in the starbursts. Finally, we discuss the possible origin of the difference between abundances derived from recombination and collisionally excited lines (the so-called abundance discrepancy problem) in H II regions, finding that a recent hypothesis based on the delayed enrichment by SNe ejecta inclusions seems not to explain the observed features. 1
Introduction
Deep cross-dispersed echelle spectrophotometry with large aperture telescopes is a powerful technique for refining our knowledge about the chemical composition of H II regions. It permits to observe the whole optical spectral range, to measure crucial faint auroral and recombination lines, to deblend nebular lines, and to decontaminate them for nearby sky spectral features.
Our group has obtained deep high resolution spectra of most of the brightest Galactic H II regions (Esteban et al. 1998 (Esteban et al. , 1999a (Esteban et al. ,b, 2004 García-Rojas et al. 2004 , 2006 that have led to the precise determination of the abundance of heavy element ions from recombination lines and even to the determination of the carbon radial abundance gradient in the Galactic disk . There is still a limited number of similar studies devoted to giant extragalactic H II regions (hereafter GEHRs), focusing the efforts on the Magellanic Clouds (Peimbert 2003; Tsamis et al. 2003) and in a few other nearby irregular and spiral galaxies . A common result of both the Galactic and extragalactic works, is the finding of a systematic difference between the abundances determined from recombination lines (hereafter RLs) and collisionally excited lines (hereafter CELs) of the same ions, in the sense that abundances determined from RLs are always higher than those determined from CELs. This problem, that has been also reported to occur in some planetary nebulae (PNe), is known as the abundance discrepancy. The origin of this problem is still unknown. Péquignot et al. (2002) and Tsamis et al. (2004) have constructed models with inhomogeneous chemical composition and physical conditions to explain that discrepancy in PNe. A similar idea has been very recently proposed by Tsamis & Péquignot (2005) for explaining the abundance discrepancy in the case of 30 Dor. These authors propose the presence of metal enhanced inclusions that would be responsible for most of the emission in RLs of heavy element ions. However, the abundance discrepancy could be related to another secular problem in nebular astrophysics: the existence of temperature fluctuations in the ion-ized gas volume (Peimbert 1967; Torres-Peimbert, Peimber & Daltabuit 1980) , whose existence is still controversial although some mechanisms have been proposed (see Esteban 2002 for a review).
One step ahead in our investigation is to obtain abundance determinations from RLs in a sample of bright GEHRs in starburst galaxies and even H II galaxies of chemical compositions other than solar. The dwarf irregular galaxy NGC 5253 is one of the closest starbursts and a very appropriate target for our purposes (Figure 1) . It lies at a heliocentric distance of 3.3 Mpc (Gibson et al. 2000) and belongs to the Centaurus Group. Consequently, NGC 5253 has been one of the most studied starbursts, observed at basically all wavelengths from radio to X-rays.
NGC 5253 is also especially interesting because it is the best candidate for localized chemical enrichment in a GEHR. Welch (1970) , Walsh & Roy (1987 , and Kobulnicky et al. (1997) reported the presence of a strong nitrogen overabundance in a particular zone of the starbursting nucleus of the galaxy. Campbell et al. (1986) also found a helium enhancement in that zone, but this has not been confirmed in later works. Another peculiarity of the galaxy is that the majority of the gas seems to rotate about the optical major axis of the galaxy (Kobulnicky & Skillman 1995) but this behaviour is not clear and could be combined with some kind of outflow (Koribalski 2006, priv. communication) . However, CO observations by Turner, Beck, & Hurt (1997) and Meier, Turner & Beck (2002) suggest that molecular clouds are infalling into NGC 5253. These two observational facts indicate that the dynamical situation of this galaxy is far from clear. Other authors as van den Bergh (1980) and Cardwell & Phillips (1989) have suggested that the nuclear starburst was triggered as a result of a past interaction (around 1 Gyr ago) with the neighboring galaxy M83. Both galaxies lie at a radial distance of only 500 kpc and the projected separation is 130 kpc (Thim et al. 2003) .
Concerning the kinematics of the ionized gas of NGC 5253, it has to be highlighted the presence of two large superbubbles related to the central region of the galaxy, with diameters of the order of 1 arcmin (∼1 kpc), and expansion velocities of 35 km s −1 (Marlowe et al. 1995) . These superbubbles coincide with extended X-ray emission as demonstrated by Chandra and XMM-Newton data ana- lyzed by Summers et al. (2004) . The structure and morphology of the ionized gas in NGC 5253 were deeply analyzed by Calzetti et al. (2004) using imagery from Hubble Space Telescope (HST), detecting faint arches and filaments in both Hα and [S II] at ≥1 kpc from the main ionizing cluster (see Figure 1, right panel) that are partially excited by shocks.
NGC 5253 has been considered as one of the youngest starbursts in the local universe (van den Bergh 1980; Moorwood & Glass 1982; Rieke et al. 1988 ). Campbell, Terlevich, & Melnick (1986) and Walsh & Roy (1987) reported a broad emission feature, indicating the presence of WolfRayet (WR) stars in this galaxy. Several authors (Schaerer et al. 1997; Kobulnicky et al. 1997 ) have confirmed the presence of late-type WN and earlytype WC stars. This fact, and the almost entirely thermal radio spectrum with very little synchrotron emission from supernova remants (Beck et al. 1996) , imply the extreme youth of the starburst. Indeed, there is evidence in the literature that multiple starbursts in succession have occurred in the center of this galaxy, leaving behind an evolved, but still young-ish stellar population (Strickland & Stevens 2000; Tremonti et al. 2001) .
Observations and data reduction
The observations were made on 2003 March 30 with the Ultraviolet Visual Echelle Spectrograph, UVES (D'Odorico et al. 2000) , at the Very Large Telescope, VLT, Kueyen unit in Cerro Paranal Observatory (Chile). The standard settings in both the red and blue arms of the spectrograph, covering the region from 3100 to 10400Å, were used. The wavelength intervals 5783-5830Å and 8540-8650Å were not observed due to a gap between the two CCDs used in the red arm. There are also five small intervals that were not observed, 9608-9612Å, 9761-9767Å, 9918-9927Å, 10080-10093 A and 10249-10264Å, because the five redmost orders did not fit completely within the CCD. The whole spectrum was taken in two different blocks of observations. The first block covers 3800-5000 A with the blue arm and 6700-10400Å with the red arm and was taken in three consecutive 1000s exposures. The second block, covering 3100-3900 A and 4750-6800Å, was taken in two consecutive 360s exposures. None of the emission lines was saturated in the exposures. The journal of the observations can be found in Table 1 .
The atmospheric dispersion corrector (ADC) was used to keep the same observed region within the slit regardless of the air mass value. This is especially important for this work because we extracted, analyzed and compared different small areas along the slit. The slit width was set to 1.5 ′′ and the slit length was set to 10 ′′ in the blue arm and to 12 ′′ in the red arm. The slit width was chosen to maximize the S/N ratio of the emission lines, to separate most of the relevant faint lines, and to obtain a good spectral resolution for analyzing the velocity structure of the ionized gas. The effective resolution at a given wavelength is approximately ∆λ ∼ λ/17600. The seeing was excellent during the observations, ∼0.5
′′ .
In Figure 2 we show our slit position over the Figure 1 of Kobulnicky et al. (1997) . The slit position was located along the north-south direction (P.A. = 0
• ), which was chosen in order to observe the most interesting regions inside the starburst. These zones were previously analyzed by Walsh & Roy (1989) and Kobulnicky et al. (1997) . From north to south, these regions were designated HII-2, HII-1, UV1, and UV2 (A, B, C, and D, respectively), as it is shown in Figure 2 . We have extracted 1-D spectra of the regions, with a size of 1.5 ′′ × 1.5 ′′ .
The spectra were reduced using the IRAF 2 echelle reduction package, following the standard procedure of bias subtraction, flatfielding, wavelength calibration, aperture extraction and flux calibration. The standard stars EG 247, HD 49798, and C-32d9927 were observed for flux calibration. As an example, we show the wavelengthand flux-calibrated spectra of region B (HII-1) in Figure 3 .
2 IRAF is distributed by NOAO which is operated by AURA Inc., under cooperative agreement with NSF (1997) , that shows the Hα contours over the 2200Å continuum image (gray scale). The four analyzed knots inside NGC 5253 are indicated and labeled.
Line intensities and reddening correction
Line intensities and equivalent widths were measured integrating all the flux in the line between two given limits and over a local continuum estimated by eye. In the cases of line blending, a multiple Gaussian profile fit procedure was applied to obtain the line flux of each individual line. The measurements were performed with the SPLOT routine of the IRAF package.
In Table 2 we have compiled all the emission lines detected in the four analyzed regions. Knot B (HII-1) is the zone where more lines have been identified: 169. Therefore, NGC 5253 is nowadays the dwarf starburst galaxy where more optical emission lines have been reported. We identify 156 lines in A (HII-2), 161 in C (UV1), and 86 in D (UV2). Besides the H I Paschen lines included in Table 2 , some other lines were also detected, but they are blended with telluric spectral features, making it impossible to obtain a good determination of their intensity. The identification and adopted laboratory wavelength of the lines, as well as their errors, were obtained following García-Rojas et al. (2004) ; Esteban et al. (2004) . Colons indicate errors of the order or greater than 40%. Table 2 Dereddened line intensity ratios with respect to I(Hβ)=100. The observed line intensities must be corrected for interstellar reddening. This can be done using the reddening constant, c(Hβ), obtained from the intensities of H I lines. However, the fluxes of H I lines are also affected by underlying stellar absorption. Consequently, we have performed an iterative procedure to derive both c(Hβ) and the equivalent widths of the absorption in the hydrogen lines, W abs , that we use to correct the observed line intensities. As we have both H I Balmer and Paschen lines, we perform this procedure separately for them, following the procedure explained in López-Sánchez, .
In Figure 4 we plot the reddening constant, c(Hβ), versus the absorption equivalent widths in the hydrogen lines, W abs , for the data of region A. It can be noted that absorption in the H I Paschen lines is practically negligible. This result is also found in the rest of analyzed regions. However, H I Balmer lines have considerably differences in their W abs , although the c(Hβ) derived from them is very similar to those derived from Paschen lines. We have assumed the average value between the c(Hβ) derived from Balmer and Paschen lines as representative of the region. This value can be used to estimate the appropriate value of W abs for each Balmer line. The c(Hβ) and W abs that provide the best match between the corrected and the theoretical Balmer and Paschen line ratios, as well as the finally adopted values of c(Hβ) and W abs for the brightest Balmer lines are shown in Table 3 .
Emission line profiles and gas kinematics
Our observations confirm the presence of asymmetric wings in the line profiles at the center of NGC 5253, as were previously reported in echelle spectra by Martin & Kennicutt (1995) and Marlowe et al. (1995) . The line-profiles of regions A and B show a broader intense component underlying a narrower one with velocity shifts of the order of lower than 10 km s −1 . This broad component is redshifted with respect to the narrow one in zone A, but appears slightly blueshifted in region B. Region C seems to show a rather faint broad component. Finally, the line profiles of region D seem to be composed by the combination of two similar narrow components with a velocity shift of ∼ 35 km s −1 . Consistent values of the velocity shift between components were found by Martin & Kennicutt (1995) and Marlowe et al. (1995) .
The velocity separation between components reaches a maximum at zone D. The maximum width of the broad component occurs in regions A and B where the full width at half maximum (FWHM) reaches values of the order of 110 km s −1 . Martin & Kennicutt (1995) Marlowe et al. (1995) and Méndez & Esteban (1997) for different samples of dwarf starburst galaxies.
The high signal-to-noise of our spectra has permitted to perform a spatially resolved analysis of the kinematics of the ionized gas observed in the center of NGC 5253. It was studied via the analysis of the centroids of the total line profiles of Hα, [O II] Figure 5 we show the 
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0.24 ± 0.02 0.39 ± 0.02 0.27 ± 0.02 0.10 ± 0.02 c(Hβ) (adopted) 0.23 ± 0.02 0.38 ± 0.03 0.25 ± 0.03 0.10 ± 0.02 position-velocity (PV) diagrams obtained. All the velocities are referred to the velocity of the center of region B (HII-1). Figure 5 indicates that the ionized gas at the center of NGC 5253 follows a sinusoidal pattern, indicating that its kinematics is not due to pure rotation. The behaviour of our PV diagram is in agreement (considering the shape and the velocity amplitudes) with that obtained by Martin & Kennicutt (1995) for their slit positions 2 and 3 in the central zones of the galaxy. The sinusoidal or wave-like pattern may be produced by distortions produced by the presence of dynamically decoupled gas systems (e.g. Schweizer 1982 ). This explanation would imply that a merging process is ongoing in the central zone of the galaxy. Another possibility is that the velocity pattern is produced by the outflow from the central starbursts. In fact, the wave-like forms produced by supershells are rather common in starbursting dwarf galaxies (Martin & Kennicutt 1995; Marlowe et al. 1995; Pustilnik et al. 2004 ). We also find that the PV diagrams of the narrow and broad components are similar, it would imply that the outflows affect the dynamics of both components in a similar way. It is remarkable that the PV diagrams derived from emission lines of different ions are in excellent agreement except for the [N II] λ6583 line at regions A (HII-2) and B (HII-1). This fact could be related to a possible localized nitrogen pollution in those zones (we discuss this in §12). Te (K) He I 10270 ± 300 10200 ± 300 9000 ± 300 10600 ± 450 a [S III] λ9532 affected by a sky emission line, so we used the theoretical ratio λ9532/λ9069 = 2.48.
b ne(Ar IV) was not considered in the average, see text.
c Te(S II) was not considered in the average, see text.
Physical conditions of the ionized gas
We have derived the electron temperature, T e , and density, n e , of the ionized gas using several emission line ratios. The values obtained for each region are compiled in Table 4 . All determinations were computed with the IRAF task TEMDEN on the NEBULAR package (Shaw & Dufour 1995) , except for the density derived from [Fe III] emission lines (see below). We have changed the default atomic data of O + , S + , and S ++ included in the last version of NEBULAR (February 2004) by other datasets that we consider give better results. These changes are indicated in Table 4 of García-Rojas et al. (2004) .
In order to derive n e , we have used several emission line ratios between CELs (see Table 4 ) and the intensities of several [Fe III] lines. The [Fe III] density was computed from the intensity of the brightest lines of each region (those with errors less than 30% and not affected by line blending) and applying the computations of Rodríguez (2002) . All the values of n e are consistent within the errors (see Table 4 ) except those obtained from the [Ar IV] lines, which are always higher and are expected to be representative of the inner zones of the nebulae. In the case of zones A and B that difference is almost one order of magnitude indicating a strong density stratification in the ionized gas.
Once n e was obtained we used it to derive T e using line ratios, and we iterated until convergence. We have determined the characteristic temperature of the helium zone, T e (He I), in the presence of temperature fluctuations (see §7) using the formulation of Peimbert, Peimbert, & Luridiana (2002) . All determinations of T e are included in Table 4 . It is important to remark that previous T e determinations in the literature were restricted to a single indicator: T e (O III). The values of T e (O III) determined by Kobulnicky et al. (1997) are consistent with those derived from our data.
We have assumed a two-zone approximation to describe the temperature structure of the nebulae. Therefore, we used the mean of T e (O III), T e (S III) and T e (Ar III) as the representative tem-perature for high ionization potential ions whereas the mean of T e (O II) and T e (N II) was assumed for the low ionization potential ion temperatures. We do not include T e (S II) in the average because its value is around 1500 K lower that the ones obtained from [O II] and [N II] ratios in three of the zones. This difference is also reported in the Galactic H II region S 311 by García-Rojas et al. (2005) and might be produced by the presence of a temperature stratification in the outer zones of the nebulae.
Ionic Abundances
The large collection of emission lines measured in the spectra has permitted the derivation of abundances for an unprecedented large number of ions in NGC 5253 from both recombination and collisionally excited lines.
He
+ abundance
We have measured a large number of He I lines in our spectra of NGC 5253, the maximum in region A where we detect 34 lines. This permits to determine the He + /H + ratio with much better precision than in previous studies. We have followed the same method explained in García-Rojas et al. (2005) , who applied the maximum likelihood method developed by Peimbert, Peimbert, & Ruiz (2000) to derive the He + /H + ratio and some physical properties of the ionized gas. In Table 5 we include the He + /H + ratios for each individual He I line and the final adopted average value for each region <He + /H + >. In that table, we also include the corresponding value of τ 3889 obtained from the maximum likelihood method as well as the corresponding χ 2 parameter, which indicates a reasonable goodness of the fit obtained by the method in the four regions.
Ionic abundances from CELs
The IRAF package NEBULAR has been used to derive ionic abundances of O + , O ++ , N + , S + , S ++ , Ne ++ , Ar ++ , Ar +3 , Cl ++ , and Cl +3 for each region from the intensity of CELs. The electron densities and temperatures for the high and low ionization potential ions used are those corresponding to the aforementioned two-zone scheme. The finally adopted ionic abundances are listed in Zhang (1996) and the transition probabilities given by Quinet (1996) . Fe ++ abundances are also included in Table 6 .
We have detected several [Fe II] lines in our spectra, but they are severely affected by fluorescence effects (Rodríguez 1999; Verner et al. 2000) . Unfortunately, the [Fe II] λ8617 line, which is almost insensitive to fluorescence effects, is not observed because it lies in one of our narrow observational gaps. However, we have measured [Fe II] λ7155, a line which does not seem to be affected by fluorescence effects (Rodríguez 1996) . We have derived Fe + abundances from this line, assuming that I(7155)/I(8617) ∼ 1 (Rodríguez 1996) , and using the calculations of Bautista & Pradhan (1996) . The results obtained imply low concentrations of Fe + (see Table 6 ). Due to the faintness of the [Fe II] λ7155 line, and to the assumption adopted, the derived Fe + abundances are only rough estimates and will not be used in the Fe abundance determination.
We have detected [Cl II] lines in two of the observed zones. However, the Cl + /H + ratio cannot be derived from the NEBULAR routines because the atomic data of this ion is not included, instead we have used an old version of the five-level atom program of Shaw & Dufour (1995) that is described by De Robertis, Dufour, & Hunt (1987) . This version uses the atomic data for Cl + compiled by Mendoza (1983) , which are rather uncertain (Shaw 2003, personal communication) . Therefore the Cl + /H + ratio given in Table 6 should be interpreted as a rough approximation to the true one.
Ionic abundances from RLs
One of the main goals of this work has been the measurement of RLs of heavy element ions in NGC 5253, the first dwarf starburst galaxy where these kinds of lines have been unambiguously detected. Three of the four zones observed show the presence of RLs of heavy element ions in their spectra. These lines are those belonging to multiplet 1 of O II (see Figure 6 ) and C II λ4267 (see Figure 7 ). All these lines are produced by pure recombination [see Esteban et al. (1998 Esteban et al. ( , 2004 , and references therein] and their intensities depend weakly on electron temperature and density. We have computed the abundances assuming the adopted values of n e and T e (High) given in Table 4 for each zone. The atomic data used and the methodology for the derivation of the abundances from RLs are the same as in García-Rojas et al. (2004) . The lines of multiplet 1 of O II are not in LTE for densities n e <10000 cm −3 (Ruiz et al. 2003) . We have used the prescriptions given by to calculate the appropriate corrections for the abundances obtained from individual O II lines. These corrected abundances show very good agreement with those obtained using the sum of the intensities of all the lines of the multiplet, which is not affected by non LTE effects. 
Abundance Discrepancy and Temperature Fluctuations
As it can be seen in Peimbert et al. (1980) proposed that the abundance discrepancy could be related to the presence of spatial temperature fluctuations because of the different functional temperature dependence of RLs and CELs. Table 8 shows the different determinations of t 2 and our final adopted value. The two upper rows of the table show the t 2 parameters that make the O ++ and C ++ abundances obtained from RLs and CELs to coincide [denoted as O ++ (C/R) and C ++ (C/R) in the table]. We can see that these two t 2 values are consistent within the errors for all the zones. The final adopted value of t 2 is the weighted average of the individual determinations for each zone.
Total Abundances
Total abundances have been determined for He, C, N, O, Ne, S, Cl, Ar, and Fe and are shown in Table 9 . The non-detection of the nebular He II λ4686 line in our deep spectra implies the absence of a significant amount of He ++ and O 3+ in the ionized gas of NGC 5253. Then, the use of the relation O/H = O + /H + + O ++ /H + is entirely justified. For the rest of the elements, we have to adopt a set of ionization correction factors (ICFs) to correct for the unseen ionization stages.
For carbon we have adopted the ICF derived from photoionization models by Garnett et al. (1999) . This correction seems to be fairly appropriate considering the high ionization degree of the three brightest zones of NGC 5253 where the C II line has been detected.
In the case of neon we have applied the classical ICF proposed by Peimbert & Costero (1969) , that assumes that the ionization structure of Ne is similar to that of O. This is a very good approximation for high ionization degree objects, where a small fraction of Ne + is expected. Martín-Hernández, Schaerer, & Sauvage (2005) , using N -band NIR spectroscopy, have estimated 12+log(Ne + /H + )=6.46, for a zone located between our regions A and B. Assuming this Ne + abundance for A and B we obtain an ICF of ∼1.12, somewhat lower than the value of ∼1.36 that gives our adopted ICF scheme.
We have measured two ionization stages of S, S + and S ++ , in all regions, but a significant contribution of S 3+ is expected. We have adopted the ICF given by Stasińska (1978) , which is based on photoionization models of H II regions and is expressed as a function of the O + /O ratio.
We have measured lines of all possible ionization stages of chlorine in two of the zones (A and B). In any case, as it can be seen in Table 6 , the dominant ionization stage is Cl ++ and the contribution of Cl + to the total abundance is rather small, at least in the high ionization degree regions as A, B, and C. Hence, we have neglected any contribution of the singly ionized stage for the determination of the total abundance of chlorine in zone C. In the case of region D, its lower ionization recommends to take into account the Cl + fraction, for that, we have adopted the relation by Peimbert & Torres-Peimbert (1977 Rodríguez & Rubin (2005) .
As it was said in the introduction, some previous works have found a remarkable nitrogen enrichment -and perhaps also helium (Campbell, Terlevich, & Melnick 1986 )-in some zones of NGC 5253. Therefore a special care has been taken for the determination of the total abundance of these two elements. For helium, the aforementioned absence of a measurable intensity of the He II λ4686 line indicates that He ++ is not important in all the zones observed. However, we have to include a correction for the presence of neutral helium inside the nebulae. In any case, the high ionization degree of regions A, B, and C implies that the correction for neutral helium should be small. We have used the empirical ICF proposed by Peimbert, Torres- Peimbert & Ruiz (1992) for all the different zones, although it is expected to be a good approximation only for those zones with high ionization degree. In the case of zone D, we find that the total helium abundance is higher than in the other regions. This may be a spurious result due to several reasons: a) this zone has comparatively much larger line intensity uncertainties and fewer He I lines available, and b) the ionization degree of this zone is the lowest of the observed regions, and the ICF for helium is comparatively more uncertain. Therefore, we will no longer consider the He/H ratio of region D in our discussion. For comparison, we have also used the photoionization models by Stasińska (1990) to estimate the ICF for helium in regions A, B, and C, finding that the appropriate models for the properties of those zones (models C2C1 and C2D1) give very small values of the ICF (∼1.02).
In Table 9 we include estimations of the N abundance based on three different ICF schemes. The first row includes the values assuming the standard ICF factor by Peimbert & Costero (1969) : N/O = N + /O + , which is a reasonably good approximation for the excitation degree of the observed regions of NGC 5253. The second row includes the total abundances obtained from the formulae provided by Mathis & Rosa (1991) In Table 9 we show the total abundances for the different zones of NGC 5253 observed for t 2 =0.00 and the t 2 value adopted for each object given in Table 8 . Our abundances derived from CELs and t 2 =0 are in good agreement with previous determinations by Walsh & Roy (1989) and Kobulnicky et al. (1997) . We confirm the remarkable difference in the nitrogen abundance between different areas of the nebula: regions A and B show higher N/H ratios than regions C and D. This difference seems to be real because it cannot be accounted for the observational uncertainties, it does not depend on the ICF scheme used for N, and it is independent on the assumption or not of the temperature fluctuations paradigm. On the other hand, the O/H ratio seems to be slightly higher in zones C and D with respect to the other two zones, ∼0.10 dex in the case of CELs and ∼0.13 dex in the case of RLs. This difference has not been reported in previous works and is of the order of the estimated uncertainties. There is also a slight difference of the He/H ratio in zones A, B, and C. If this difference is real, it would confirm the localized helium enrichment found by Campbell et al. (1986) in a region encompassing our zones A and B, but with much lower values of the abundance difference in our case.
Further analysis of the emission line profiles
In §4 we have shown the presence of different velocity components in the emission line profiles of the four zones studied in NGC 5253. We have carried out a further analysis of those components, estimating their physical conditions and chemical abundances. We have performed a double Gaussian fit to the profiles of the main emission lines making use of the Starlink DIPSO soft- -2.10 ± 0.12 -2.02 ± 0.25 -2.18 ± 0.11 -2.14 ± 0.29 -2.46 ± 0.14 -2.37 ± 0.26 -2.25 ± 0.16 a ICF from Peimbert, Torres- Peimbert & Ruiz (1992) .
b ICF from Stasińska (1990) . a Dereddened line intensity ratios with respect to I(Hβ)=100.
b Determined from the intensity of collisionally excited lines.
c Determined from Te(O III) using the Garnett (1992) calibration.
ware (Howarth & Murray 1990 However, we have found some interesting exceptions. First, the reddening coefficient seems to be somewhat lower in the case of the broad components in all cases. Secondly, there is a difference in the N/O ratio of the broad and narrow components of zone B. The narrow component has a rather normal ratio for a galaxy of its corresponding O abundance, and the broad one shows a higher nitrogen abundance. This would indicate that the broad component contains the localized N enrichment. However, this behaviour is not observed in zone A. Here both components show a high N/O, similar to that reported for the integrated profile.
Absorption lines and stellar kinematics
Although our main analysis of the spectra of NGC 5253 is focused on emission lines, we report the presence of some absorption features. They have been identified as Ca II K λ3933 and H λ3968, Mg I λ5167, Na I λλ5890, 5896 and Ca II λλ8498, 8662. The strongest absorption lines are Ca II H, K, which are unambiguously detected in all regions (see Figure 8 for the example of region C). We find that the Ca II H, K lines are splitted into several kinematical components (at least four), but two of them are due to Galactic absorption systems because of their low heliocentric radial velocity (v rad ∼0 and ∼20 km s −1 , respectively).
The broader absorption component shows a radial velocity rather similar to that of the ionized gas of each region, and can be interpreted as the contribution of the stellar populations of NGC 5253. A second and narrower component with radial velocity ∼+95 km s −1 is also detected in all regions. It might be of Galactic origin because NGC 5253 is located in the fourth quadrant of the Galaxy and radial velocities of the order of +100 km s −1 are common. However, the relatively large galactic latitude, b ∼ +30
• , makes rather unlikely its true Galactic nature. Other possibilities are that this absorption feature is produced by a relatively nearby high-velocity cloud or by an intergalactic cloud located at ∼1.3 Mpc. Using the formulae provided by Smoker et al. (2005) , we find that the column density of this component is around 17 times smaller than that associated with NGC 5253.
Data of radial velocities derived from the Ca II K absorption feature associated with NGC 5253 have been included in Figure 9 to compare the kinematics of the ionized gas with that of the stellar component. Notice that v rad determined from Mg I, Na I, and red Ca II absorptions detected in C and D are in good agreement with those derived from Ca II K. Although we only considered 4 points for constructing the position-velocity diagram of the absorption features, it is clear that gas and stars are kinematically decoupled. ences between gas and stars are due to the presence of a supershell, its velocity relative to the stellar velocity is ∼40-50 km s −1 . This value agrees with the expansion velocity of the supershell detected by Marlowe et al. (1995) in NGC 5253.
The age of the bursts and the massive stellar population
Although previous authors have derived the age of the last star-formation burst of NGC 5253, we have taken advantage of the high quality of our VLT spectra to make a reassessment of it through the Hα equivalent width, W (Hα). We have used STARBURST99 (Leitherer et al. 1999) spectral synthesis models to estimate the age of each region, comparing the predicted Hα equivalent widths with the observed values. We consider a spectral synthesis model with a metallicity of Z=0.008, the appropriate for NGC 5253, assuming an instantaneous burst with a Salpeter IMF, a total stellar mass of 10 6 M ⊙ and a 100 M ⊙ upper stellar mass. The ages obtained are compiled in Table 11 , and are in agreement with previous results.
In Figure 6 we can observe the broad emission feature of He II λ4686 originating from the stellar winds of WR stars, which is present in the four observed regions of NGC 5253. The He II λ4686 emission line is the most prominent feature of the so-called blue WR bump. Unfortunately, the exis- tence of the red WR bump, that basically consists on the C IV λ5808 emission line, could not be studied because this spectral region is in our observational gap between 5783 and 5830Å. In Figure 6 it is also evident the presence of broad emission features of N III λ4634 and N III λ4640, which are characteristic of WNL stars (Smith, Shara, & Moffat 1996) . We have used evolutionary synthesis models by Schaerer & Vacca (1998) for O and WR populations in young starburst to estimate the number of O and WR stars in the regions using the method explained in López-Sánchez, . We have assumed that all the flux of the blue WR bump comes from the broad He II λ4686 emission line (we show its extinction-corrected flux in Table 11 ) and a distance of 3.3 Mpc for NGC 5253. We only need 1 WNL star in regions A and B to produce the observed WR spectral features. The number of O stars was derived using the procedure given by Guseva, Izotov, & Thuan (2000) (their eq. 6). The derived number of O total stars and the WR/(WR+O) ratio are quoted in Table 11 .
We have found a very good correspondence between our results and the predictions from Schaerer & Vacca (1998) models. In Figure 10 we plot the WR/(WR+O) ratio versus W (Hβ) for the models with Z=0.008 and 0.004. The metallicity of the analyzed regions inside NGC 5253 is Z ∼0.006 for A and B and ∼0.008 for C and D. 2.25 ± 0.66 2.01 ± 0.46 13.1 ± 3.6 0.24 ± 0.14 WNL eq. stars a 1.3 ± 0.4 1.2 ± 0.3 8 ± 2 0.14 ± 0.08 L (Hβ) (10 36 erg s −1 ) 271 ± 9 272 ± 8 204 ± 7 51.6 ± 1.9 O7V stars b 57 ± 2 57 ± 2 43 ± 1 10.8 ± 0.4 Adopted Age (Myr) 3.0 ± 0.1 2.7 ± 0.1 4.6 ± 0. (Vacca & Conti 1992) .
b Assuming that 1 O7V star has a L(Hβ) = 4.76 × 10 36 erg s −1 (Vacca & Conti 1992) .
c This parameter is defined by η ≡O7V/O (Schaerer & Vacca 1998 ) and depends of the age of the burst.
The localized nitrogen enrichment
As it was commented in §1, several authors have reported localized nitrogen enrichment in areas coincident with our regions A and B. Walsh & Roy (1989) and Kobulnicky et al. (1997) proposed that this localized enhancement is due to pollution by the winds of massive stars. However, for Kobulnicky et al. (1997) a difficulty of this hypothesis was the apparent lack of accompanying He enrichment in the zones where the N/H ratio is high. This fact was in contradiction with the observational and theoretical understanding of massive star yields. In this sense, the slightly higher He/H ratio we find in zones A and B with respect to C can solve somehow this puzzle. However, it must be taken into account that the detection of a modest helium pollution is difficult due to several reasons: a) the initial abundance of this element is far much higher than nitrogen, so the relative enrichment should be strong to be unambiguously detected; b) the uncertainty introduced by the assumed ICF to correct for the presence of neutral helium.
Our spectroscopic data include many more He I lines than previous works, our measurements have much higher signal-to-noise ratio, and we are using a more detailed method for determining the He + abundance. For example, Kobulnicky et al. (1997) use a single line: He I λ5876, to determine the He + /H + ratio. The intensity of that line is rather affected by collision and radiation transfer effects, and the calculations for correcting for these effects have improved since Kobulnicky et al. paper . In any case, the possible localized helium enrichment we detect is only marginal considering the quoted uncertainties. Unfortunately, it is clear that any result is necessarily unconclusive. We have made a rough estimation of the mass of newly-created helium and nitrogen (stellar yield) necessary to produce the observed overabundances in regions A and B. We have reproduced the calculations of Kobulnicky et al. (1997) for obtaining the total ionizing mass of regions A and B, assuming the same angular size and filling factor, but considering a distance of 3.3 Mpc instead of the 4.1 Mpc assumed by those authors. In Table 12 we show the values we obtain for the cases of considering or not temperature fluctuations in the abundances, although the difference is almost irrelevant. We have considered the mean He and N abundances of regions A and B, and the yields are computed relative to the abundance of those elements in region C. Therefore, we have assumed that the initial abundance of NGC 5253 is that measured in region C and that zones A and B have suffered a localized and very recent increment of the He/H and N/H ratios. In Table 12 we have compared our empirical stellar yields with those obtained by Meynet & Maeder (2002) in their stellar evolution models including rotation. From the table, it can be seen that the contribution of a few evolved (WR) massive stars is enough to produce the observed pollution, in agreement with the low numbers of WNL stars estimated in §11 for zones A and B from the flux of the blue WR bump. The comparison with the also empirical yields determined by Esteban et al. (1992) for ring nebulae associated to Galactic WR stars gives further consistency to the hypothesis of the pollution by winds of WR stars. In particular, the similarity of the ratio of the He and N stellar yields estimated for NGC 5253 and for the other objects shown in Table 12 is the most remarkable fact of the table. That ratio is independent of the quite uncertain assumptions considered for deriving the empirical yields of the individual elements.
As it was commented in §8 and can be noted in Table 9 , the O/H ratio in zone C is marginally higher that in zones A and B, (although the values can be considered similar taking into account the errors). It is interesting to note that nebular ejecta around WR stars (Esteban et al. 1992 ) and LBV stars (Smith et al. 1997; Lamers et al. 2001) show a substantial oxygen deficiency in their chemical content. This is also consistent with the scenario of pollution by evolved massive stars.
The presence of localized chemical enrichment in the youngest starburst of NGC 5253 indicates that the timescale of the process should be very short, as it was also suggested by Pustilnik et al. (2004) . The similarity of the enrichment pattern observed in this galaxy and that of the Galactic WR ring nebulae (with estimated lifetimes of the order of 10 4 -10 5 years, see Esteban et al. 1992 ) is another piece of evidence in the same direction. The most suitable scenario is that the pollution process is produced by the ejection of chemically enriched stellar external layers which are photoionized by the surrounding massive stars. This is, for example, the formation mechanism of the nebulae around luminous blue variables (LBVs), which also show a similar N enhancement (Smith et al. 1997; Lamers et al. 2001) . In fact, Lamers et al. (2001) propose that the LBV nebulae are ejected during the blue supergiant phase of the progenitor star and that the chemical enrichment is due to rotation-induced mixing. Conversely, the observed pollution is rather unlikely to be produced by stellar wind material confined within a hot bubble. In this case, the timescale for mixing would be far much larger, of the order of ∼100 Myr (Tenorio-Tagle 1996) because it should cooldown to temperatures of the order of the ionized gas.
13. About the origin of the abundance discrepancy in NGC 5253
Very recently, Tsamis & Péquignot (2005) have proposed an explanation for the abundance discrepancy based on the implicit acceptation of the existence of temperature fluctuations but produced by a chemically inhomogeneous medium. These authors propose a chemically inhomogeneous model for 30 Doradus of low temperature and high metallicity embedded in a lower density medium of high temperature and low metallicity. The dense high metallicity regions come from Type II SN material that has not been mixed with the bulk of ISM and is in pressure balance with the normal composition ambient gas. These inclusions would be responsible for most of the emission in RLs with virtually no emission in CELs due to their very low electron temperature. We will present some objections to their models below.
First, the values of the abundance discrepancy factor (ADF) of O ++ (defined as the difference between the O ++ abundance determined from RLs and CELs) found for very different HII regions in different hosts galaxies are rather similar, as it can be seen in Table 13 . In this table we show the ADF values determined for a sample of Galactic and extragalactic H II regions where the ADF of O ++ has been determined, their O/H ratio, the morphological type and absolute magnitude of the host galaxy and the Galactocentric distance in the case of the Galactic nebulae. It can be seen that the ADF is similar for most of the objects shown in the table, independently of the mass, type and metallicity of their host galaxy. The galaxies included in Table 13 have very different metallicities and gravitational potential wells and they should also have very different star formation histories and SN rates. In particular, in the case of NGC 5253, a high likelihood of a blow-out has been recently postulated by Summers et al. (2004) . The energy injection rate into this galaxy due to the mechanical action of massive stars would seem sufficient to allow the expanding hot gas to escape its gravitational potential well. Moreover, the relatively small H I halo (∼1.8 kpc along the minor axis) of (Meynet & Maeder 2002 ).
c Empirical yields derived for a sample of Galactic ring nebulae around WN stars (Esteban et al. 1992 ).
Table 13
Comparison of the abundance discrepancy factor in different HII regions d Defined as log(C ++ /H + )(RLs) − log(C ++ /H + )(UV CELs). this dwarf galaxy would also offer little resistance to this blow-out. The likelihood of past blowouts suggests that the proposed delayed enrichment mechanism based on the rain of cooled-down droplets of SN ejecta would be less efficient in this galaxy, but this is not reflected in a lower value of the ADFs in NGC 5253 with respect to the other H II regions inside more massive galaxies. On the other hand, the Galactic H II regions studied in our sample are located at different galactocentric distances (from 6 to 11 kpc) in the Galactic disk. If the hypothesis of the enrichment by H-poor inclusions of SNe ejecta is correct, this would imply that this process is rather independent of the conditions and properties of the Galactic disk in such interval or radial distances.
Another important piece of evidence in this discussion is the fact that the ADF of C ++ in NGC 5253 (and other objects where this quantity has been determined, see Table 13 ) is rather similar to that of oxygen. We do not see any metallicity dependence of the relative importance of the ADF of C ++ with respect to that of O ++ in the objects where both quantities have been estimated (see Table 13 ). According to the model by Tsamis & Péquignot (2005) , the overabundances in the metal rich regions amount to a factor of 8 in O and a factor of 14 in C. It is well known that massive star evolution models predict (e.g. Maeder 1992; Portinari, Chiosi, & Bressan 1998 ) that most of the net C is produced before the onset of the SN stage via stellar winds, and since the wind strength increases with metallicity, the C yield increases with metallicity. Carigi, Colín, Peimbert (2006) have produced a chemical evolution model for NGC 6822, a dwarf irregular galaxy of the Local Group, that predicts that only 36% of the C is due to massive stars that produce SN of type II, while 63% of the C is due to low and intermediate mass stars that do not produce Type II SN and, therefore, do not contribute to the C content of the droplets. Matteucci (2006) also finds that for the solar neighborhood most of the C is due to low and intermediate mass stars, while Carigi et al. (2005) find that about half of the C comes from intermediate mass stars and half from massive stars. Considering that the 30 Doradus chemical composition is similar to that of NGC 6822 V (see Table 13 ) one can reasonably infer that the expected overabundance of C should be lower than that of O, contrary to the assumptions of Tsamis & Péquignot (2005) . Similarly, in the chemical evolution models most of the N is produced by low and intermediate mass stars and not by massive stars, consequently a considerable smaller overabundance of N than O is expected, contrary to the N and O values adopted in the model by Tsamis & Péquignot (2005) .
Conclusions
We present deep echelle spectrophotometry in the 3100−10400Å range of four selected zones of the nucleus of the blue compact dwarf galaxy NGC 5253. We have identified and measured a large number of emission lines in the spectra. This represents the largest collection of optical emission lines available for a dwarf starburst galaxy. Electron densities and temperatures have been consistently determined from a large number of emission line ratios of different ions. Chemical abundances of He, N, O, Ne, S, Cl, Ar, and Fe have been derived following standard methods. Recombination lines of C II and O II have been measured in the spectra of three of the individual zones analysed. The first time these kinds of lines have been unambiguously detected in a dwarf H II galaxy. The ionic abundances of C ++ and O ++ derived from these lines are from 0.20 to 0.40 dex larger than those determined from the intensity of collisionally excited lines. This behavior has been found in all the Galactic and extragalactic H II regions where both kinds of lines have been reported for the same ion. The quoted abundance differences can be accounted for a temperature fluctuations parameter (t 2 ) between 0.050 and 0.072.
The emission line profiles are complex and seem to be the combination of −at least− two kinematical components with slightly different radial velocity and, in some zones, different line width. Apparently, there are no clear differences in the physical and chemical properties of the kinematical components, except perhaps a somewhat different reddening coefficient and N/O ratio in some particular zones. Position-velocity diagrams of different emission lines show a sinusoidal shape. However, the position-velocity diagram of stellar absorption spectral features shows a pattern entirely consistent with rotation. This fact suggests that the radial velocity behavor of the ionized gas should be due to outflows from the central starbursts and not a product of merging. We have derived the ages and the massive star population of the starburst. In particular, the detection of the so-called blue WR bump indicates the presence of a rather small number of WR stars in the starbursts.
Our observations confirm previous results that indicate the presence of localized N enrichment in two of the central starbursts of NGC 5253. Moreover, we also detect a possible slight He pollution in the same zones. The enrichment pattern is entirely consistent with that expected by the pollution of the winds of masive stars in the WR phase. Moreover, the estimated mass of newly created N and He is also consistent with the number of WR stars determined in the starbursts.
Finally, we conclude that a recent hypothesis that tried to solve the abundance discrepancy problem in H II regions in terms of a delayed enrichment by SNe ejecta inclusions (Tsamis & Péquignot 2005) seems not to explain the available observational data in a satisfactory manner.
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